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(54) Self sealing expandable inflatable packers 

(57) The present invention generally relates to a 
sealing apparatus (50) for isolating a wellbore. In one 
aspect, the present invention provides an expandable 
sealing apparatus having an expandable tubular (48) 
and a sealing element (120) disposed around the tubu- 
lar. A chamber (125) for maintaining a fluid is defined 
between the sealing element and the tubular. The seal- 
ing apparatus also includes a self-isolating layer (100) 



disposed in the chamber wherein the self-isolating layer 
is adapted and arranged to regulate fluid flow through 
the chamber. Fluid supplied to the chamber may inflate 
the sealing element, thereby urging the sealing element 
into contact with the wellbore. When the pressure in the 
tubular is released : the pressure in the chamber causes 
the self-isolating layer to close off . thereby retaining the 
pressure in the chamber. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] Aspects of the present relate to a sealing ap- 
paratus. Particularly, the present invention relates to an 
expandable sealing apparatus. More particularly, the 
present invention relates to an expandable sealing ap- 
paratus for isolating sections of a wellbore. 

Description of the Related Art 



[0002] In the oil and gas exploration and production 
industry boreholes are drilled through rock formations 
to gain access to hydrocarbon-bearing formations, to al- 
low the hydrocarbons to be recovered to surface. During 
drilling of a typical borehole, which may be several thou- 
sand feet in length, many different rock formations are 
encountered. 

[0003] Rock formations having problematic physical 
characteristics, such as high permeability, may be en- 
countered during the drilling operation. These forma- 
tions may cause various problems such as allowing un- 
wanted water or gases to enter the borehole; crossf low 
between high and low pressure zones; and fluid com- 
munication between a highly permeable formation and 
adjacent formations. In instances where a sub-normal 
or over-pressured formation is sealed off, the permea- 
bility of the formation may be such that high pressure 
fluids permeate upwardly or downwardly, thereby re-en- 
tering the borehole at a different location. 
[0004] Damage to rock formations during drilling of a 
borehole may also cause problems for the drilling oper- 
ation. Damage to the formation may be caused by the 
pressurized drilling fluid used in the drilling operation. In 
these situations, drilling fluid may be lost into the forma- 
tion. Loss of drilling fluid may cause the drilling operation 
to be halted in order to take remedial action to stabilize 
the rock formation. Loss of drilling fluid is undesirable 
because drilling fluids are typically expensive. In many 
cases, drilling fluids are re-circulated and cleaned for 
use in subsequent drilling procedures in order to save 
costs. Therefore, loss of high quantities of drilling fluid 
is unacceptable. 

[0005] One method of overcoming these problems in- 
volves lining the borehole with a casing. This generally 
requires suspending the casing from the wellhead and 
cementing the casing in place, thereby sealing off and 
isolating the damaged formation. However, running and 
cementing additional casing strings is a time-consuming 
and expensive operation. 

[0006] Furthermore, due to the installation of the cas- 
ing, the borehole drilled below the casing has a smaller 
diameter than the sections above it. As the borehole 
continues to be extended and casing strings added, the 
inner diameter of the borehole continues to decrease. 



Because drilling operations are carefully planned, prob- 
lematic formations unexpectedly encountered may 
cause the inner diameter of the borehole to be overly 
restricted when additional casing strings are installed. 
5 Although this may be accounted for during planning, it 
is generally undesired and several such occurrences 
may cause a reduction in final bore diameter, thereby 
affecting the future production of hydrocarbons from the 
well. 

10 [0007] Alternatively, inflatable packers may be used 
to seal off a portion of a wellbore. Typically, the inflatable 
packer utilizes an inflatable elastomeric bladder to cre- 
ate a fluid seal within the surrounding well bore or cas- 
ing. The bladder may be inflated by injecting fluid under 
is pressure into the bladder. In this manner, the bladder is 
inflated into contact with the wellbore. Typically, the 
pressure in the bladder is increased to greater than that 
of the pore pressure of the formation. In this respect, a 
net seal load is created, thereby sealing off the wellbore. 
20 [0008] While the inflatable packer is a viable method 
of sealing a wellbore, there are potential problems as- 
sociated with its application . For example, the actuation 
of the inflatable packer is operated through a complex 
valve system that may not function properly. Also, like 
25 the casing strings, the inflatable packer reduces the in- 
ner diameter of the wellbore, thereby potentially limiting 
the production capacity of the wellbore. 
[0009] More recently, expandable tubular technology 
has been developed to install casing strings without sig- 
30 nificantly decreasing the inner diameter of the wellbore. 
Generally, expandable technology enables a smaller di- 
ameter tubular to pass through a larger diameter tubular, 
and thereafter be expanded to a larger diameter. In this 
respect, expandable technology permits the formation 
35 of a tubular string having a substantially constant inner 
diameter, otherwise known as a monobore. Accordingly, 
monobore wells have a substantially uniform through- 
bore from the surface casing to the production zones. 
[0010] A monobore well features each progressive 
40 borehole section being cased without a reduction of cas- 
ing size. The monobore well offers the advantage of be- 
ing able to start with a much smaller surface casing but 
still end up with a desired size of production casing. Fur- 
ther, the monobore well provides a more economical 
45 and erf icient way of completing a well. Because top-hole 
sizes are reduced, less drilling fluid is required and fewer 
cuttings are created for cleanup and disposal. Also, a 
smaller surface casing size simplifies the wellhead de- 
sign as well as the blow out protectors and risers. Addi- 
50 tionally, running expandable liners instead of long cas- 
ing strings will result in valuable time savings. 
[0011] Expandable tubular technology has recently 
been applied to cased hole packers. It has been discov- 
ered that expandable packers can be expanded in situ 
55 so as to enlarge the inner diameter. This, in turn, enlarg- 
es the path through which both fluid and downhole tools 
may travel. Expandable packers are expanded through 
the use of a cone-shaped mandrel or by an expansion 
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tool with expandable, fluid actuated members disposed 
on a body and run into the wellbore on a tubular string. 
During the expansion operation, the walls of the expand- 
able packer are expanded past their elastic limit. The 
expandable packer may be expanded against an exist- 
ing casing to hang a string of casing or seal off an an- 
nular area. Consequently, expandable packers allow for 
the use of larger diameter production tubing, because 
the conventional slip mechanism and sealing mecha- 
nism are eliminated. 

[0012] An expandable packer is typically run into the 
wellbore with a running assembly disposed at an end of 
a drill string. The running assembly generally includes 
an expansion tool, a swivel, and a running tool. The ex- 
pansion tool is disposed at the bottom end of the drill 
string. Next, the swivel is disposed between the expan- 
sion tool and the running tool to allow the expansion tool 
to rotate while the running tool remains stationary. Fi- 
nally, the running tool is located below the swivel at the 
bottom end of the running assembly. The running tool is 
mechanically attached to the expandable packer 
through a mechanical holding device. 
[0013] After the expandable packer is lowered to a 
predetermined point in the well, the expandable packer 
is ready to be expanded into contact with the wellbore 
or casing. Subsequently, the expansion tool is activated 
when a hydraulic isolation device, like a ball, is circulat- 
ed down into a seat in the expansion tool. Thereafter, 
fluid is pumped from the surface of the wellbore down 
the drill string into the expansion tool. When the fluid 
pressure builds up to a predetermined level, the expan- 
sion tool is activated, thereby starting the expansion op- 
eration. During the expansion operation, the swivel al- 
lows the expansion tool to rotate while the packer and 
the running tool remain stationary. After the expandable 
packer has been expanded against the wellbore or cas- 
ing, the running assembly is deactivated and removed 
from the well. 

[0014] While expanding tubulars in a wellbore offer 
obvious advantages, there are problems associated 
with using the technology to create a packer through the 
expansion of one tubular into a wellbore or another tu- 
bular. For example, an expanded packer with no grip- 
ping structure on the outer surface has a reduced ca- 
pacity to support the weight of the entire packer. This is 
due to a reduced coefficient of friction on the outer sur- 
face of the expandable packer. Also., the expandable 
packer may not expand sufficiently to contact the well- 
bore and form a seal therewith. More importantly, the 
expansion of the expandable packer in an open-hole 
wellbore may result in an ineffective seal between the 
expanded packer and the surrounding wellbore. 
[0015] There is a need, therefore, for a packer that 
will create an effective seal by exerting pressure against 
a cased wellbore or an open-hole wellbore. There is a 
further need for a packer that will not reduce the diam- 
eter of the wellbore. There is yet a further need for a 
packer that will expand sufficiently to form a seal with 



the wellbore. 

SUMMARY OF THE INVENTION 

5 [0016] The present invention generally relates to a 
sealing apparatus for isolating a wellbore. In one aspect, 
the present invention provides an expandable sealing 
apparatus having an expandable tubular and a sealing 
element disposed around the tubular. A chamber tor 
10 maintaining a fluid is defined between the sealing ele- 
ment and the tubular. The sealing apparatus also in- 
cludes a self-isolating layer disposed in the chamber, 
wherein the self-isolating layer is adapted and arranged 
to regulate fluid flow through the chamber. Fluid sup- 
15 plied to the chamber may inflate the sealing element, 
thereby urging the sealing element into contact with the 
wellbore. The pressure in the chamber causes the self- 
isolating layer to close off, thereby retaining the pres- 
sure in the chamber. 
20 [0017] In another aspect, the present invention pro- 
vides a method for isolating a wellbore. The method in- 
cludes running a sealing apparatus into the wellbore. 
The sealing apparatus having a tubular body; a sealing 
element disposed around the tubular body; and a self- 
25 isolating layer disposed between the tubular body and 
the sealing element. The method further includes ex- 
panding the sealing apparatus and inflating the sealing 
element. Preferably, the pressure in the inflated sealing 
element is greater than the pore pressure of the forma- 
30 tion. 

[0018] In another embodiment, the method may also 
include supplying fluid into a chamber defined by the tu- 
bular body and the sealing element to expand the seal- 
ing apparatus. The fluid may be regulated to create a 
35 pressure differential between the chamber and the tu- 
bular body. The pressure differential causes the self-iso- 
lating screen to close, thereby retaining the pressure 
necessary to inflate the sealing element. 
[0019] In another aspect still, the present invention 
40 provides a seal assembly. The seal assembly includes 
an expandable tubular and a sealing member disposed 
at each end of the tubular. The sealing members may 
straddle a section of the wellbore to isolate that section 
from other sections of the wellbore. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] So that the manner in which the above recited 
features of the present invention, and other features 
50 contemplated and claimed herein, are attained and can 
be understood in detail, a more particular description of 
the invention, briefly summarized above, may be had by 
reference to the embodiments thereof which are illus- 
trated in the appended drawings. It is to be noted, how- 
55 ever that the appended drawings illustrate only typical 
embodiments of this invention and are therefore not to 
be considered limiting of its scope, for the invention may 
admit to other equally effective embodiments. 
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[0021] Figure 1 is a schematic cross-sectional view of 
a partially completed wellbore. 
[0022] Figure 2 is a schematic view of a seal assembly 
according to aspects of the present invention disposed 
in the wellbore of Figure 1 . The seal assembly is shown 
in the unexpanded configuration. 
[0023] Figure 3 is a partial cross-sectional view of one 
embodiment of the sealing member of the present in- 
vention. The sealing member is shown in the unactuated 
configuration. 

[0024] Figure 4 is a schematic view of the seal assem- 
bly of Figure 2 in the expanded, uninflated configuration. 
[0025] Figure 5 is a partial cross-sectional view of the 
sealing member of Figure 3 during inflation. 
[0026] Figure 6 is a schematic view of the seal assem- 
bly of Figure 2 in the expanded, inflated configuration. 
[0027] Figure 7 is a partial cross-sectional view of the 
sealing member of Figure 3 in the actuated configura- 
tion. 

[0028] Figure 8 is a partial cross-sectional view of an- 
other embodiment of the sealing member of the present 
invention. The sealing member is shown in the unactu- 
ated configuration. 

[0029] Figure 9 is a partial cross-sectional view of the 
sealing member of Figure 8 during inflation. 
[0030] Figure 10 is a partial cross-sectional view of 
the sealing member of Figure 8 in the actuated config- 
uration. 

[0031] Figure 11 is a partial cross-sectional view of 
another embodiment of the sealing member of the 
present invention. The sealing member is shown in the 
unactuated configuration. 

[0032] Figure 12 is a schematic view of another em- 
bodiment of the seal assembly of the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 



[0033] Figure 1 is a schematic illustration of a partially 
completed wellbore 1 0. The wellbore 1 0 is initially drilled 
to a first depth 12 and may be logged to determine cer- 
tain geological characteristics of the rock formations in 
the region of the wellbore 1 0. As shown, a casing 1 4 has 
been installed in an upper portion 18 of the wellbore 10 
and cemented 1 6 into place. Thereafter, the wellbore 1 0 
is extended by drilling a smaller diameter wellbore sec- 
tion 20 below the casing 14 through a number of rock 
formations illustrated at 22-26. 
[0034] In this example, during drilling of the wellbore 
section 20, the rock formation 24 was unexpectedly 
found to be highly permeable : and drilling fluid has been 
lost into the formation 24. Loss of drilling fluid may be 
detected by a loss of circulation and a drop in the pit 
volume of drilling fluid. As a result, drilling operations 
have been suspended. 

[0035] To prevent further loss of drilling fluid into the 
formation 24 and continue well completion operations, 
a seal assembly 50 according to aspects of the present 



invention is located in the wellbore 10 as illustrated in 
Figure 2. The seal assembly 50 includes a first sealing 
member 100A and a second sealing member 100B dis- 
posed at each end of an expandable tubular 110. In this 

5 embodiment, each of the sealing members 1 00A, 1 00B 
are similarly constructed. It is understood that the ex- 
pandable tubular 110 may include one or more tubulars 
connected together. Additionally, the expandable tubu- 
lar 1 1 0 may include any suitable expandable tubular for 

10 wellbore operations, including expandable solid tubu- 
lars, expandable slotted tubulars, and expandable 
screens. 

[0036] Initially, the wellbore 10 is underreamed to 
form a larger bore diameter 42 before the seal assembly 
15 50 is installed as illustrated in Figure 2. Thereafter, the 
seal assembly 50 is located in the wellbore 10 to isolate 
the rock formation 24. Specifically, the seal assembly 50 
is positioned such that the sealing members 1 00 A : 1 00B 
straddle the formation 24 to be blocked off. The seal as- 
20 sembly 50 is run into the wellbore 1 0 on an upper string 
of expandable solid tubular 48 adapted and arranged to 
locate the seal assembly 50 in the underreamed section 
42. The upper string 48 is suspended from the casing 
14 by an expandable liner packer 49. A lower string of 
25 tubular 51 may be attached below the seal assembly 50 
to facilitate other operations downhole. 
[0037] Figure 3 depicts a sectional view of a sealing 
member 100 suitable for use with the seal assembly 50 
according to aspects of the present invention. The seal- 
30 ing member 100 includes an expandable mandrel 115 
and an inflatable sealing element 120 mounted on the 
mandrel 115. The sealing element 120 may be made 
from any suitable expandable material, including an 
elastomeric material such as a swelling elastomer or a 
35 rubber material such as natural rubber. A chamber 125 
is defined between the sealing element 120 and the 
mandrel 115. One or more ports 117 may be formed in 
the mandrel 115 to provide fluid communication be- 
tween the bore 1 1 8 of the mandrel 1 1 5 and the chamber 
40 125. Fluid supplied to the chamber 125 may serve to 
inflate the sealing element 120. A series of reinforcing 
ribs 1 27 are disposed at each end of the sealing element 
1 20 to provide support for the sealing element 1 20 after 
inflation . The ribs 1 27 may be made of metal, composite, 
45 carbon-fiber or other suitable material as is known to a 
person of ordinary skill in the art. Figure 3 depicts the 
sealing member 100 in the run-in uninflated position. 
[0038] In one aspect, the sealing member 100 may 
include a self-isolating mechanism to maintain the seal- 
50 ing element 1 20 in an inflated state. In one embodiment, 
a permeable membrane 130 may be disposed between 
the mandrel 1 1 5 and the sealing element 1 20. The mem- 
brane 130 may be made of Teflon or an elastomeric ma- 
terial such as rubber The permeable membrane 130 
55 may include one or more openings 1 35 for fluid commu- 
nication. 

[0039] A self-isolating screen 140 may be disposed 
around the permeable membrane 130. The self-isolat- 
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ing screen 140 is adapted and arranged to maintain the 
pressure in the chamber 125 after the sealing element 
120 is inflated. The screen 140 includes one or more 
apertures 142 for fluid communication. Each of the ap- 
ertures 142 is provided with a flow control member 143 
to regulate the flow of fluid therethrough. An exemplary 
flow control member 143 includes a flap 143 connected 
to the screen 140 at one end and unsecured at another 
end as shown in Figure 3. Preferably, the flap 143 is lo- 
cated interior to the chamber 1 25 and is of sufficient size 
to cover or close off the respective aperture 142. The 
flaps 143 are actuatable by a pressure differential be- 
tween the bore 118 and the chamber 125. During infla- 
tion, the flap 143 may be caused to flex away from ap- 
erture 142 to allow fluid to flow into the chamber 125, 
thereby inflating the sealing element 120. Conversely, 
the flap 143 may flex toward the aperture 142 to seal off 
the chamber 125, thereby isolating the pressure in the 
chamber 125. In one embodiment, self-isolating screen 
140 may be made of metal. In another embodiment, a 
sealing material may be disposed around the perimeter 
of the flap 143 to facilitate closure of the aperture 142. 
[0040] In operation, the seal assembly 50 is formed 
by connecting a sealing member 100A, 100B at each 
end of an expandable tubular 110. The seal assembly 
50 is disposed in the wellbore as shown in Figure 2. 
Thereafter, an expander tool is employed to expand the 
seal assembly 50. Expansion of the seal assembly 50 
brings the sealing members 100A, 100B closer to the 
wall 42 of the wellbore (or into contact with the wall 42), 
as illustrated in Figure 4. Particularly, the expandable 
mandrels 115 are expanded to a greater internal diam- 
eter, thereby causing a corresponding expansion of the 
sealing elements 100A, 100B. It is understood that the 
sealing elements 100A, 100B may be expanded into 
contact with the wellbore wall without deviating from the 
aspects of the present invention. 
[0041] Any suitable expander tool known to a person 
of ordinary skill in the art may be utilized to expand the 
seal assembly 50. An exemplary expander tool is dis- 
closed in Simpson, U.S. Patent No. 6,457,532, issued 
on October 1 , 2002, which patent is herein incorporated 
by reference in its entirety. In one embodiment, the ex- 
pander tool may include a rotary expander tool acting 
outwardly against the inside surface of the seal assem- 
bly 50. The expander tool has a body, which is hollow 
and generally tubular with connectors and for connec- 
tion to other components of a downhole assembly. The 
connectors are of a reduced diameter compared to the 
outside diameter of the longitudinally central body part 
of the expander tool. The central body part of the ex- 
pander tool has three recesses, each holding a respec- 
tive roller. Each of the mutually identical rollers is some- 
what cylindrical and barreled. Each of the rollers is 
mounted by means of an axle at each end of the respec- 
tive roller and the axles are mounted in slidable pistons. 
The rollers are arranged for rotation about a respective 
rotational axis that is parallel to the longitudinal axis of 



the expander tool and radially offset therefrom at 
120-degree mutual circumferential separations around 
the central body. The pistons are sealed within each re- 
cess and are radially extendable therein. The inner end 

5 of each piston is exposed to the pressure of fluid within 
the core of the tool by way of the radial perforations in 
the core. In this manner, pressurized fluid provided from 
the surface of the well, can actuate the pistons and 
cause them to extend outward whereby the rollers con- 

io tact the inner wall of the seal assembly 50 to be expand- 
ed. Other exemplary expander tools include a cone- 
shaped mandrel that can be axially traversed to expand 
the seal assembly 50. The expander tool is retrieved at 
the completion of the expansion. 

15 [0042] The sealing members 100A, 100B may now be 
inflated to seal off the wellbore 1 0. A fluid from the sur- 
face is supplied to the chambers 125 of the sealing 
members 100A, 100B to inflate the sealing elements 
120. Preferably, the fluid is inert to the well and drilling 

20 fluids. An inflation tool may be used to supply the fluid 
under pressure to the chambers 1 25. The fluid is initially 
forced through the ports 11 7 of the mandrel 115 and then 
through the openings 135 of the permeable membrane 
130. Thereafter, the fluid flow past the apertures 142 of 

25 the self-isolating screen 140 and exit into the chamber 
125, thereby inflating the chamber 125. Figure 5 illus- 
trates the seal 100 during the inflation process. As 
shown, the pressurized fluid causes the flap 143 to flex 
away from the aperture 142, thereby opening the aper- 

30 ture 142 for fluid communication. Consequently, the 
sealing element 120 is expanded into contact with the 
wellbore 10. In this respect, a large pressure energized 
seal load is generated between the sealing member 1 00 
and the wellbore 10 to provide the desired zone isola- 

35 tion. 

[0043] After the sealing members 100A, 100B have 
been sufficiently inflated, the pressurized fluid is re- 
leased. Figure 6 illustrates the seal assembly 50 after 
inflation. As a result, a pressure differential is created 

^o between the chamber 1 25 and the bore 1 1 8 of the man- 
drel 115. Particularly, the chamber 125 has a higher 
pressure than the hydrostatic pressure in the mandrel 
115. As the fluid in the chamber 125 tries to equalize the 
pressures by flowing out of the chamber 125 toward the 

45 mandrel 1 1 5, the self-isolating screen 140 closes off and 
the pressure in the chamber 125 is applied against the 
permeable membrane 130, as illustrated in Figure 7. 
Particularly, the pressurized fluid causes the flap 1 43 to 
flex toward the aperture 1 42, thereby closing off the ap- 

50 erture 1 42 for fluid communication. Moreover, the pres- 
sure in the chamber 1 25 causes the screen 1 40 to press 
against the membrane 1 30 to further close off the aper- 
tures 142. In this respect, the pressure is trapped in the 
chamber 1 25 to maintain the energized seal load. In this 

55 manner, the seal assembly 50 may be actuated to pro- 
vide zone isolation. 

[0044] In another aspect, an isolation plug 160 may 
be inserted into the ports 117 of the mandrel 115 prior 
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to run-in, as illustrated in Figure 3. The isolation plugs 
160 may prevent premature inflation of the sealing ele- 
ment 127. Preferably, the isolation plugs 160 include a 
hollow interior. During expansion, the expander tool may 
break the isolation plugs 1 60, thereby opening the ports 
117 for fluid communication. In this manner, the seals 
100 may be adapted to prevent premature inflation. 
[0045] Figure 8 illustrates another embodiment of a 
sealing member 800 suitable for use with the seal as- 
sembly 50 according to aspects of the present invention. 
The sealing member 800 includes an expandable man- 
drel 815 and an inflatable sealing element 820 mounted 
on the mandrel 815. The sealing element 820 may be 
made from any suitable expandable material, including 
an elastomeric material such as a swelling elastomer or 
a rubber material such as natural rubber. A chamber 825 
is defined between the sealing element 820 and the 
mandrel 815. One or more ports 817 may be formed in 
the mandrel 815 to provide fluid communication be- 
tween the bore 81 8 of the mandrel 81 5 and the chamber 
825. Fluid supplied to the chamber 825 may serve to 
inflate the sealing element 820. A series of reinforcing 
ribs 827 are disposed at each end of the sealing element 
820 to provide support for the sealing element 820 after 
inflation. Figure 8 shows the sealing member 800 in the 
run-in uninflated position. 

[0046] The sealing member 800 is provided with a 
self-isolating layer 840 disposed around mandrel 815. 
The self-isolating layer 840 includes a series of flow con- 
trol members 843 to regulate the flow of fluid through 
the ports 817. An exemplary flow control member 843 
includes a flap 843 secured at one end to the mandrel 
and unsecured at another end, as shown in Figure 8. 
The series of flaps 843 are located interior to the cham- 
ber 825 and are adapted and arranged to block off fluid 
communication through the ports 817. In one embodi- 
ment, the secured ends of adjacent flaps 843, 843A 
straddle a port 81 7. The free end of each flap 843 con- 
tacts or lies against a secured end of the adjacent flap 
843A. Preferably, the flaps 843, 843A overlap sufficien- 
cy such that the adjacent flaps 843. 843A remain in con- 
tact after expansion. The free end may be covered or 
impregnated with a sealing material 850 that allows a 
seal to be formed between the adjacent 1 flaps 843, 
843A. The flaps 843 are actuatable by a pressure dif- 
ferential between the bore 818 and the chamber 825. 
During inflation, the flap 843 may flex away from port 
81 7 to allow fluid to flow into the chamber 825, thereby 
inflating the sealing element 820. Conversely, when the 
pressure in the bore 818 is released, the flap 843 may 
bend toward the port 817 to seal off the chamber 825, 
thereby isolating the pressure in the chamber 825. 
[0047] In operation, the seal assembly 50 is initially 
expanded to a greater diameter. As shown, the seal as- 
sembly 50 is expanded against a casing 805 in a well- 
bore 10. Thereafter the sealing members 800 are inflat- 
ed to seal off the wellbore 1 0. A fluid from the surface is 
supplied to the chambers 825 of the sealing members 



800 to inflate the sealing elements 820. The fluid is ini- 
tially forced through the ports 817 of the mandrel 815 
and flows past the flaps 843 in the chamber 825, as il- 
lustrated in Figure 9. As shown, the pressurized fluid 
5 causes the flap 843 to flex away from the adjacent flap 
843A, thereby opening the port 817 for fluid communi- 
cation. Pressurized fluid in the chamber 825 expands 
the sealing element 820 into contact with the wellbore 
1 0. In this respect, a large pressure energized seal load 
10 is generated between the sealing member 820 and the 
wellbore 10 to provide the desired zone isolation. 
[0048] After the sealing members 800 have been suf- 
ficiently inflated, the pressurized fluid is released. Figure 
10 shows the sealing member 800 after inflation. As a 
15 result, a pressure differential is created between the 
chamber 825 and the bore 81 8 of the mandrel 815. Par- 
ticularly, the chamber 825 has a higher pressure than 
the hydrostatic pressure in the mandrel 815. As the fluid 
in the chamber 825 tries to equalize the pressures by 
20 flowing out of the chamber 825 toward the bore 81 8, the 
pressurized fluid causes the unsecured end of the flap 
843 to contact the adjacent flap 843, thereby closing off 
the port 81 7 for fluid communication. In this respect, the 
self-isolating layer 840 traps the pressure in the cham- 
25 ber 825 to maintain the energized seal load. In this man- 
ner, the seal assembly 50 may be actuated to provide 
zone isolation. 

[0049] Although the flow control members 143, 843 in 
the above embodiments are arranged axially along the 
30 mandrel 115, 815, it is understood that the flow control 
members may also be arranged radially around the 
mandrel as illustrated in Figure 11. Figure 11 shows a 
cross-sectional view of an embodiment of the sealing 
member 900 in which the flow control members 943 are 
35 arranged radially around the mandrel 91 5. The series of 
flow control members 943 overlap each other to regulate 
fluid flow through the ports 917 in the mandrel 915. 
[0050] In another aspect, a solid granular filler mate- 
rial may be provided in the chamber. An exemplary filler 
40 material may include a mixture of bentonite (absorbent 
aluminum silicate clay) and a dry, powdered water sol- 
uble polymer such as polyacrylamide, as disclosed in 
U.S. Patent No. 3,909,421 : which patent is incorporated 
herein by reference. The filler material may react with 
45 the fluid supplied to the chamber to form a viscous fluid- 
solid mixture that cannot pass through the self-isolating 
screen. Additionally, the filler material increases in size 
as it absorbs fluid. Accordingly, the applied pressure 
may be relaxed once the sealing member has been in- 
50 flated. As the mixture solidifies over a period of time, the 
pressure in the inflated chamber is retained, thereby 
maintaining the seal load on the wellbore. 
[0051] When the filler is a bentonite/polyacrylamide 
mixture, water is used as the reactant fluid. When mixed 
55 with water downhole, a clay is formed, and the water 
soluble polymer flocculates and congeals the clay to 
form a much stronger and stiffer cement-like plug. Var- 
ious filler materials, such as those disclosed in U S. Pat- 
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ent Nos. 4,633,950; 4,503,170; 4,475,594: 4,445,576; 
4,442,241 ; and 4,391 : 925 f which are herein incorporat- 
ed by reference, are also suitable for use without devi- 
ating from the aspects of the present invention. 
[0052] It has been observed that the seal load may 
change over time. This loss of seal load may be offset 
in several ways. First, a sealing element made of a 
swelling elastomer or natural rubber tends to expand as 
it adsorbs hydrocarbons or other fluids over a period of 
time. This further expansion of the sealing element en- 
hances the seal load on the well bore over time. Second, 
in situations where the sealing member is set in an un- 
stable formation : such as an unstable formation tending 
to collapse inwardly over time , the re-stressed formation 
exert a force against the sealing element to offset the 
loss of seal load, thereby retaining the seal load on the 
formation. Third, the sealing member may be inflated to 
a pressure above the pore pressure of the formation. 
This over-pressurization maintains an effective seal 
load over time. Fourth, the relatively high temperatures 
experienced downhole tend to cause the sealing mem- 
ber to swell. 

[0053] In another aspect, the seal assembly 50 may 
be located in the wellbore in a manner as to avoid or 
minimize restriction of the wellbore. The assembly 50 
may be self-hanging by expanding the sealing members 
100 into contact with the wellbore. Alternatively, an ex- 
pandable anchor may be used to locate and hang the 
assembly 50 in the wellbore. 

[0054] In another aspect, the seal assembly 750 may 
be arranged and constructed to isolate more than one 
zone. Figure 12 is a schematic view of a seal assembly 
750 designed to isolate a plurality of producing and non- 
producing zones 701, 702, respectively. The sea! as- 
sembly 750 may include a first and second sealing 
members 700A, 700B positioned to isolate the produc- 
ing zone 701 . An expandable sand screen 720 connect- 
ing the sealing members 700A, 700B allows the recov- 
ery of hydrocarbons from the producing zone 701. The 
seal assembly 750 may further include expandable solid 
tubulars 730 positioned along non-producing zones 
702. As shown, a solid tubular 730 cooperate with the 
second and third sealing members 700B, 700C to iso- 
late the non-producing zone 702. Furthermore, migra- 
tion of fluids from the non-producing zone 702 along the 
wellbore annulus to the producing zone 701 is prevent- 
ed. In this manner, aspects of the present invention pro- 
vide a seal assembly 750 for managing multiple zones. 
[0055] In another aspect, the ports, apertures, and 
channels in the sealing members may be of any suitable 
shape otherthan circular. For example, part of the man- 
drel may be slotted or otherwise perforated and on ex- 
pansion may form diamond or other shaped openings. 
[0056] While the foregoing is directed to embodi- 
ments of the present invention, other and further em- 
bodiments of the invention may be devised without de- 
parting from the basic scope thereof, and the scope 
thereof is determined by the claims that follow. 



Claims 

1 . An expandable sealing apparatus, comprising: 

5 an expandable tubular; 

a sealing element disposed around the tubular: 
a chamber defined between the sealing ele- 
ment and the tubular; and 
a self-isolating layer disposed in the chamber, 

10 wherein the self-isolating layer is adapted and 

arranged to regulate fluid flow into the chamber. 

2. The sealing apparatus of claim 1 , wherein the self- 
isolating layer is actuatable by a pressure differen- 

15 tial. 

3. The sealing apparatus of claim 1 , wherein the self- 
isolating layer comprises one or more flow control 
members. 

20 

4. The sealing apparatus of claim 3 : wherein the one 
or more flow control members are actuatable by a 
pressure differential. 

25 5. The sealing apparatus of claim 3, wherein the tubu- 
lar includes one or more ports for fluid communica- 
tion between the chamber and a bore of the tubular. 

6. The sealing apparatus of claim 5, wherein the one 
30 or more flow control members regulate fluid flow 

through the one or more ports. 

7. The sealing apparatus of claim 3, wherein at least 
one of the one or more flow control members over- 

35 lap another flow control member. 

8. The sealing apparatus of claim 7, wherein a sealing 
material is disposed between overlapping flow con- 
trol members. 

40 

9. The sealing apparatus of claim 3, wherein the one 
or more flow control members are secured at one 
end and unsecured at another end. 

^5 10. The sealing apparatus of claim 1 , wherein the seal- 
ing element comprises an inflatable element. 

11. The sealing apparatus of claim 10, wherein the 
sealing element is urged outward by supplying fluid 

50 to the chamber. 

12. The sealing apparatus of claim 1, further comprising 
a plurality of reinforcing ribs. 

55 13. The sealing apparatus of claim 1, further comprising 
a permeable membrane disposed between the 
mandrel and the self-isolating layer. 
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14. The sealing apparatus of claim 13, wherein the self- 
isolating layer is urged into contact with the mem- 
brane. 

15. A method for isolating a wellbore, comprising: 

running a sealing apparatus into the wellbore, 
the sealing apparatus having: 

a tubular body; 

one or more sealing elements disposed 
around the tubular body; and 
a self-isolating layer disposed between the 
tubular body and the one 

or more sealing elements; 
expanding the sealing apparatus: and 
inflating the one or more sealing elements. 

16. The method of claim 1 5, further comprising supply- 
ing fluid into a chamber defined by the tubular body 
and the one or more sealing elements to inflate the 
sealing apparatus. 

17. The method of claim 16, further comprising creating 
a pressure differential between the chamber and a 
bore of the tubular body. 

18. The method of claim 17, wherein a pressure in the 
chamber is greater than a pressure in the tubular 
body. 

19. The method of claim 18, further comprising closing 
the self-isolating screen to retain the pressure in the 
chamber. 

20. The method of claim 19, urging the self-isolating 
layer against a membrane disposed in the chamber. 

21. The method of claim 15, further, comprising retain- 
ing a pressure in the chamber. 

22. The method of claim 21 , further comprising urging 
the self -isolating layer against a membrane dis- 
posed in the chamber. 

23. The method of claim 15, wherein the sealing appa- 
ratus further comprises a filler material. 

24. The method of claim 1 5 : further comprising increas- 
ing a diameter of the wellbore. 

25. The method of claim 15, wherein more than one 
zone is isolated. 

26. A seal assembly, comprising: 

an expandable tubular; 



a first sealing member disposed at a first end 
of the tubular; and 

a second sealing member disposed at a second 
end of the tubular, wherein each of the first and 
5 second sealing members include: 

an expandable mandrel; 

a sealing element disposed around the 

mandrel; 

10 a chamber defined between the sealing el- 

ement and the mandrel; and 
a self -isolating layer disposed in the cham- 
ber, wherein the self-isolating layer is 
adapted and arranged to regulate fluid flow 

is into the chamber. 

27. The seal assembly of claim 26, further comprising 
a filler material disposed in the chamber. 

20 28. The seal assembly of claim 26, wherein the self-iso- 
lating screen includes at least one flow control 
member. 

29. The seal assembly of claim 28, wherein the at least 
25 one flow control member is secured at one end and 

unsecured at another end. 

30. The seal assembly of claim 29, wherein the self-iso- 
lating screen is actuatable by a pressure differen- 

30 tial. 

31. The seal assembly of claim 26, further comprising 
a permeable membrane. 

35 
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